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We isolated of a panel of peptides that bind selectively to prostate v 
accomplished by using in vivo screening of peptide libraries in mice., 
work, we have used these prostate-homing peptides to deliver a pre 
prostate blood vessels. Within 24 hours of intravenous administration 
prostate-targeted compound induced a selective, massive cell d£ 
parenchyma. In contrast, examination of several other organs showec 
Encouraged by these promising results, we propose to evaluate £ 
. prostatectomy 71 in a prostate cancer transgenic mouse. model We exj 
of prostate tissue made, passible by our procedure' will allow an ear 
malignant and malignant lesions, thus reducing- the incidence- of prosta 
This procedure may eventually provide a non-invasive alternative to 
patients. ■ 
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A. INTRODUCTION 

The specific delivery of drug therapy has been a long stand- 
ing g 0a i of medicine. If ii were possible to deliver drags 
selectively to their intended target organs, many drugs that 
are effective, but too Toxic, could now be used. For exam- 
ple, systemic treatment of tumors relies largely on cyto- 
toxic chemotherapy and the currently used chemotherapeutir 
drugs have the narrowest therapeutic indices. Thus, cancer 
treatment could benefit enormously from technology allow- 
ing selective delivery of cytotoxics; higher concentrations of 
the agent would be reached in the ounor, and fewer side ef- 
fects would result. Unfortunately, there are only a few 
situations in which targeted drug delivery is possible: Intra- 
arterial injection is too invasive; monoclonal antibodies 
against tumor antigens have been used but specificity and 
poor tumor ponerralion tend to limit their efficacy (1. 2), 

There are many indications that vascular beds in different 
organs and tissues difEer from one another, and that such 
differences serve cellular trafficking functions (14, 18). 
Thus, lymphocyte-homing to lymphoid tissues and sites of 
inflammation is guided by specific address molecules in the 
vascular endothelium (14). To some degree, sitt>spccific 
tumor metastasis also depends on vascular addresses; it is 
clear that prostaie cancer cells show preferences in vivo that 
arc not explained by circulatory routing (IS). The distribu- 
tion of prostate cancer metastasis seems to depend on the 
binding of circulating tumor cells to endothelial receptors in 
sites such as the bone marrow. 

Our group has developed a novel approach to study organ- 
selective vascular markers, and have documented an unprece- 
dented degree of heterogeneity in the vasculature of various 
organs (13, 14) and tumors (2, 12). The method is based on 
selection of large phage display peptide libraries (16) in 
vivo (2, 11-14). Primarily, endothelial cell receptors with 
tissue-specific difTercntial expression (11, 13, 14) and 
angiogenic cell markers in tumors (1-3, 12) are targeted. 
Unlike the earlier antibody work, the phage library screen- 
ing directly selects for molecules capable of homing to a 
target tissue in vivo without any preconceived notion about 
the receptor. Peptides that home to the vasculature in the 
brain, kidney, lung, pancreas, uterus, skin, and retina (13, 
14), and tumors (2, 12) have been reported We have al- 
ready identified the receptor for a class of tumor-cargeting 
peptides as av integrins (2, 11, 12); moreover, 
CD13/arniriopeprjdase N (unpublished data) and the mem- 
brane proteoglycan NG2 (ref, 3) are strong candidate recep- 
tors for rwo other classes of tumor-homing peptides. We 
have also shown that "tumor-targeting peptides can be used 
for selective delivery of drugs to tumor vasculature (2). In 
work in progress, wc uncovered novel tissue-specific recep- 
tors in the vasculature of normal organs and angiogenic 
endothelial cell markers in the vasculature of tumors 
(unpublished data), providing new insights to the specificity 
of vascular endothelium. Finally, we have targeted the 



blood vessels of several idditional organs including the 
prostate. Thus, the prostata like all of the other tissues we 
have examined so far, puts . i specific molecular signature on 
its vasculature that can be ileteoed with our in vivo phage 
display method. Recent cvi ;lence has suggested that prostate 
size is controlled by vascular endothelial eells (5). Afi 
shown in the Preliminary Faults section, the high specific- 
ity conferred by the prostate vasciilature-targeting peptides 
has allowed us to direct pi>apoptotic moieties selectively 
to prosiate blood vessels- Tiiese targeted pro-apoptotic pep- 
tides promote a selective iod marked ablation of prostate 
mass. We hope thai the induction in the prostate 'tissue 
caused by massive apoptos. ;; will allow an early elimination 
of pre- cancerous and cancer : us lesions and perhaps lead to a 
reduction in the risk of ov m cancer development. If our 
expectations are realized, these targeted compounds will 
become useful agents against prostate cancer and may pro- 
vide a medical alternative tc reductive surgery. 

B, SPECIFIC AIMS 

We propose to synthesize pi -o-apoprotic peptides targeted to 
tbe vasculature of the prosu and to evaluate selected com- 
pounds in a prostate cancer transgenic animal model. 

C. PRELIMINARY RESULTS 

Targeting the prostate vasculature. To select pep- 
tides that home to a give' organ, phage are injected IV, 
rescued from the target org! m by a hast bacteria, amplified 
in vitro, and re-injccted to < otain further enrichment After 
three rounds of selection, l>jlk phage preparations are usu- 
ally obtained thai accumula x in the target organ several fold 
more than in control organs . The phage confers resistance to 
a selectable marker (e,g M t:tracychne) to the host bactena. 
This allows counting the i.imher of phage in tissues after 
administration of an Individ iial homing and a control phage 
as one estimate of the seleirriviry of the homing peptides. 
Figure 1 shows an example of in vivo prostate targeting. 
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Fig. L Prtstaic targeting. Intravenous injection of a phage library 
diipUying random 7-residus pc; ; des (X 7 library) in mice fallowed by 
rescue sflhc phugc pooled from Ik prosiaio yielded > 4-fold earichnacne 
of the phage in the prostate relati-e id other control organs after only 2 
rounds of selection. Brain has bt :n used as one of the controls. 



The peptide sequences recovered ore shown in Table 1. 
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Thus far, our -strongest prostata-homing peptide displays The 
peptide SMSIaRL; its homing ability is shown in Hg. 2. 




•Fd-tct phfls* 



SMSlARL-phago 



Fie- 3L SMSIARL peptide homw jpecjfmUy to prostate Phage dis- 
playing an SMSIARL peptide or inserclcw eonaol phage (Fdtet) were 
injected intravenously In mice under anesthesia. After 5 minute*, the 
animals were euthanized aad phage were recovered and quantified by 
tconicyclinc-roRifitMit colony counting. On average, SMSIARL-phage 
showed u 25- to 3S-rbld enrichment over control organs (brain shown). 

As another test of specificity, and to examine the localiza- 
tion erf the homing peptides in the prostate, we detected die 
injected phage in tissues by immunopeioxidaso staining for 
phage proteins, Immunostaining results confirmed the 
specificity of homing and show that our peptides homed 
into the prostate (Fig. 3). These data strongly suggests that 
internalization of the phage displaying the SMSlAKL pep- 
tide occurs. Other examples, of pepudevdriven phage inter- 
nalization have been reported (7). 




Figure 3. Ixnmunohlstochemical abcbiin^ of phage in the mouse pros- 
tate nfler Intravenous iru«ctfon. S MS lARL -phage (loft panel) and 
inscrclcss conaol phage (right panel) were injected Intravenously into 
mice. Phage were allowed to circulate for 24 hours. Prostate and control 
organs were removed, Gxed in Bourn's solution, embedded in paraffin 
and tissue. Bccriona were prepared. An antibody againac NM3 phage 
(Pharmacia) was used for the staininc Magnl6carion: 200*. Control 
organs are not shown bat they were negative except for liver and spleen. 
Thfi reason for that is that circulating phage is non-*pecificaUy trapped 
by toe rotiouioondachcllaJ system (2, iJ-34); mice injected with control 
phage also showed hepatic and splenic iramunostaining (data not shown). 
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Isolation of a recepto\ for the prostate 'homing 
peptide. We have made ri*ogress in identifying a receptor 
for SMSIARL. one of our iirostate-homing peptides, pros- 
tate extract fractionated or SMSIARL- Sepharose yields a 
specific profile upon the co mate peptide clution and specific 
bands at 85 kDa and 60 kD ! (Fig.- 4). We are currently scal- 
ing up the af&nity chroma I ography such that enough pro- 
tein for mass specirometr} . miexosequencing, and antibody 
preparation can be obtained 
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Fig. 4. Eludon profile and SD 
Scpharaao-couplcd prostate hoi 
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gel analysts of proteins isolated on 
ling peptide. Ocrylglucoride extract of 
d on SMSIaRL -Sepharoso. The col- 
and the bound proteins eluted with a 
±ie column. Prostate extracts fracdon- 
lidc column. Lanes 4-7 art successive- 
'.XL peptirio after extensive washing of 
■ lie (upper panel) and 5DS gel analysis 
ir panel) are shown. The appearance 
i in hands suggest that the 85 kDa band 
harp band, early elation) and that the 6D 
for a specifically bound cell surface 
auggefidng glycosylariea, late cluhon). 
on arrow; MW markers are shown,. 
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The results presented here as a proof-of-principle were ob- 
tained with an anti-mitochondria! motif (8) used as the cyto- 
toxic moiety. However, because some general toxicity was 
observed this agent, we will also evaluate additional classes 
of cytoxic peptides aad proteins in order to select an optimal 
compound far the prostate targeting, 

(i) Targeting of anti-mitachandrial peptides: The mem- 
branes of prokaiyoac bacteria and eukaryotic cell mitochon- 
dria have similar properties. Both membranes have a nega- 
tively charged outer membranes. Thus, anti-bacterial pep- 
tides which interfere with membrane potential are often anti- 
miLochondrial peptides as well, A series of synthetic am- 
prupathic peptides with shared anti-bacterial and anti- 
mitochondrial properties have been reported (S). In coUabo- 
ration with Dr. Dale Bredescns group at this Institute, we 
utilized che motif CKLAKLAK) 2l an anti-mitochondria! pep- 
tide, as the prototype of this class to be largead "by our 
prostate-homing peptides to the prostatic blood vessels. 

We treated male CD-I mice with the prosaic-targeted com- 
pound SMSIAM-KLAKLAKKLAKT-AJC As controls, we 
used either. (KLaKLaKJj conjugated to the control peptide 
CARAC (data presented below) or a mixture of unconju- 
gated (KLAKLAK)i plus SMSIARL (similar results, data 
not shown). A single dose of 200 p.g of targeted peptide was 
used. We analyzed che prostate macro and rnicroscopically 
at 24 and 48 hours positreatroent We observed a striking 
reduction in the size and change in morphology of the pros- 
tate while the other organs appeared intact. Histapatfaology 
confirmed chat the prostate, but not other tissues, has been 
affected by marked, specific cell death induction (Figs, 5-8), 




Fig. S, Effect of creaanent in the dorsolateral prostate. Prostates 
were fixed inBouin's solution and sections stained CH<St£, A. and C: Mas- 
son' a rriefarome, B and D). Mice received a single dose of a pto- 
ftpoptnfic moiety canju gated to the control peptide CARAC (A and B") or 
to die prostata- homing peptide SMSIAilL (C and D) and were killed 24 h 
afterwards. The most striding changes wore found in the dorsolateral 
lobes: 80% of glands were deprived of epithelium and the remaining 
coitacilurti was marxedly reduced to a discontinuous, thin layer. There 
were intensive shedding of che prostatic glandular epithelium inm the 
lumen: ae pine rated ceile floarintr in ths gland lumen showea nuclear 
condensation and/or fragmentation of balmming of the cytoplasm; in- 
creased eo&inopailia; extensive spongiosis and lymphocyte infiltration. 
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The rodent prostate is dividi d into dorsal, lateral, and ventral 
lobes while the human pro I tats is divided into transitional, 
central, and peripheral zone ;. Because rbe rodent dorsolateral 
lobes arc analogous to thi • bam an peripheral zone where 
most prostate cancers occui, we first examined the dorsolat- 
eral lobes. Of interest, the • tiajor effect of the treatment was 
observed in that area (Fig 5). However, pathological al- 
terations in the ventral lob : of the prostate were noied as 
well (Fig. 6), 




Fig- 6- Effect of treatment in ha rcnlrnl . prostate. Proatfttei were 
fixed inBouin's solution and secmne stained (H&H, AmidC; Masaon' 5 
fcrichromc, B and D). Mice recti ved a single dose of a pro-upoptoric 
maicty conjugated to the control peptide CASAC CA and B) or io the 
prosure-homing peptide SMSlAl (C and D) and were killed 24 h af- 
terwords. Pocaily, in I he prostn* ! -targeted gxoup there w=tb 1d£S2;S °f 
cell borders, and epithelial shedi . ng in glands of ventral lobe. Nuclei 
were last and the staining becamt more hornogenoasly eosinophilic 

In contrast, there were no major or specific pathological 
changes in multiple interna organs used as controls for the 
prostate- targeted prr>apopti itic compound (Fig. 7). 




Fig. 7. Effect of Dxnrmcnt in c ; nam) organs. Organs Were fixed in 
Bruin's ai24 h poiitu-eutment wit i a single dose of the prostate-targeted 
proopostotic moicry and stained according to the Mossoc's inchromc 
method. Shown are lung and bmnchi (A), brain CB), Iddncy (C), liver 
(D), urothclium (H), ajid a prostai : autonomic ganglion CF). 
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Although non-specific signs toxicity were observed in a few 
animals, they ware usually more severe and more diffuse in 
the non-targeted pro-aooptotic moiety (alone or conjugated 
to a control peptide, data noc shown). To allow for compari- 
son, die effect of therapy in prostates of the same mice used 
to harvest the controls (Fig. 7) are also, shown (Fig. 8). 




pUTA-prsr2 were grown a* 
was induced by 0.1 mM IF". 
30°C the cells were harvests 
in 30* ml of 5 mM SDdiurr 
cated. Theridn-A-conjugat 
chromatography using CM 
The proteins were eiuted wi 
dium chloride gradient Ex 
the biological activity of r. 
conjugation (data not show 
are schedule to be initiated 
-hire of unconjugated ricin- 
peptide (SMSIAKL or VS 
fused to a control peptide. 



Fig H. Pinal pathologic alusratlons in the prosUU, Mice received 
either pro-apoptotic pcptide-CARAC (PancU A and B) or pro-apoptonc 
□eprioVSMSIARL (Panels C and D). Prostata* from some of Che same 
uinwls used for harvesting of the control organ* (in Fig. 7) arc shown 
hero tor comparison. Severe, teoninal pathologic alteraiions due to 
prostate cell death induction air disseminated. Under these cud^tagc 
conditions, tho pan^chymaof the prostate ha, been virtually eliminated 
fMagnificarion: Panels A and C. *0k; Pwwk B and D, 200x). 

The experiments proposed here-witb this and other cyto- 
toxic moieties-will directly determine the final value of this 
approach as a targeted therapy for prostate cancer in a trans- 
genic model, 

(ii) Targeting of ricin-A chain: We will also use die ricin-A 
chain to test the potential of the homing peptides to reduce 
the prostate mass. The A chain is a highly potent toxin 
which, when delivered intraceUularly, disrupts protein syn- 
thesis. In the complete ricin molecule a B chain, which 
binds to cell surface receptors , delivers the A chain into the 
cytoplasm. The isolated A chain is relatively non-toxic, 
because it cannot enter a celL The B chain can be replaced 
with other molecules that bind to cell surfaces, and a vast 
literature exists on various targeted toxins based on this 
principle (reviewed in 17). We will deliver the ricin-A 
chain into the endothelial cells of prostate blood vessels by 
using the homing peptides as the substitute for the B chain. 

In collaboration with the group of Dr. Sjur Olsnes (Institute 
for Cancer Research, The Norwegian Radium Hospital 
Oslo, Norway), construction and purification of ricin-A- 
conjugates were performed as follows: Coding sequences of 
the peptides SMSIAKL and VSFLEYR (Table 1) were added 
to the C-terminai end of ricin- A-chain by PCIL A KDEL- 
sequence which increases the toxicity of ricin-A-chain was 
also includedL The constructs were cloned into the expres- 
sion plasmid pUTA using standard cloning techniques to 
yield pUTA-Pratl and pUTA- Frst2. Cultures of £ coll 
JM101 harboring the expression plasmids pUTA-Prstl or 



30°C. Expression of protein 
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:l by ccnixifugatioa t resuspended 
phosphate (pH 6.3), and soni- 
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C. EXPERIMENTAL DESIGN AND METHODS 

.The goal of this proposal is to develop ways of delivering 
agents that can reduce the mass of the prostate through in- 
duction of cell death (prc ^ably by apoptosis). We hy- 
pothesize that inducing prigrarrrmed cell death in the pros- 
tate will reduce the risk of developing cancer later on. 

We have chosen a transgo:ic mouse model for of prostate 
cancer (transgenic adenocs i cmoma of the mouse prostate, 
'TRAMP", ref. 6) to pi:form the targeting of a pro- 
apoptotic moiety to the p estate vasculature. In this sys- 
tem, a prostate specific pre tnoter from the rat probasin gene 
has been used to cause the expression of T antigen specifi- 
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cally in the prostate. These mice develop prostate tumors 
through rarrrporaUy and hisiologically distinct stages, simi- 
larly to what happens in the human disease. Pathologic 
alterations in the prostate epithelium of these mice arc seen 
by 10 weeks of age, and metastases may develop at 12 
weeks. By week 28 t all animals harbor metastatic prostate 
cancer in a pattern resembling the human disease (6). We 
have an established colony of these mice at our Animal 
Facility. Prior to treatment* we will establish" cohorts of 30 
age-matched male TRAMP mice by cross-breeding female 
TRAMP x male Fab mice. This Fl generation with a 50% 
Fab background presents an aggressive disease (B. Foster 
and N. Greenhcrg, personal communication). The cohorts 
will be randomized in 3 creatmem groups: prostate-homing 
peptide alone, prostate targeted pro-apoptorie peptide, and 
pro-apoptotic peptide conjugated to a control peptide. In 
selected cases, a vehicle-only treatment group will be in- 
cluded as an additional control for comparison. . However, 
our preliminary results suggest that the prostate-homing 
peptide SMSIARL alone has no effect on the prostate at the 
concentrations used. 

It has been suggested that an ti -angiogenic therapy is more 
efficient whether it is delivered at low doses for a long du- 
ration (IS). If this is the case, we expect that our results 
may became even better when the optimal dose/schedule 
are determined. For the pilot experiments shown here, we 
have been creating the mice at a single dose near the 
maximum tolenned dose (MTD; data not shown). Thus, 
wc will ran treatments at 20 [ig /dose/mouse and escalate 
dosing. Treatments will be administered weekly (IV). We 
will initiate treatment cohorts at 10 and 12 weeks of age. 
Further dose, timing, and route adjustments will be based 
on data from these experiments. Mice will be anesthe- 
tized with Averrin* to facilitate IV injections. The effi- 
cacy of targeted and control compounds on tirmor growth, 
metastasis and their associated toxicity will be plotted as 
survival of the cohorts using Kaplan-Meier curves. For 
each compound, we will determine median survival, and 
percentage increase in life span [ %ILS=(T-C)/Cx 1 OQ , 
where T^aeaoed and C=control]. We expect to see an in- 
crease in the median survival and %JLS' t with a redprocal 
decrease in metastasis in the targeted pro-apoptotic peptide 
groups relative to controls, Wc will also euthanize the 
mice at fixed intervals (e.g., 15, 20, 25, and 30 weeks) 
and evaluate the primary tumor and metastatic burden. 
Moreover, we will mate the treated mice (trans genie and 
normal) to assess their fertility. 

This research makes use of two new principles: Targeting 
of tissue-specific features in the prostate vasculature and 
induction of organ-directed apoptosis. We will determine in 
mice prone to develop prostate cancer whether reducing pro- 
static mass protects against cancer development. New un- 
derstanding of prostate biology may ensue: transfer of our 
findings into clinical application has the potential to pro- 
vide novel medical tools against human prostate cancer. 
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